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Preface 


This manual explains the operation and architecture of the New 
England Digital Corporation ABLE line of computers. Section I 
provides introductory material of a general nature while Section 
It explains the instruction set in detail. The Appendices provide 
information on basic IO equipment, interfacing, installation, and 


other reference material, 


Section I - 


Introduction 


The ABLE series computers are high-speed general purpose computers 
whose design has emphasized simplicity and compatability with ef- 
ficient structured language programming. They are 16-bit word 
length machines organized around 16 registers. All of the re- 
gisters are usable as index registers with auto-increment capa- 
bility. Two of the registers, Ri7(octal) and Ri6(octal), may be 
used as program counters. R17 is the normal program counter, while 


R16 is used while processing interrupts or calling subroutines. 


Four of the registers, (RO-R3), are designated as accumulators. 
These registers have the additional capability of executing the 
complete set of arithmetic, logical and test operations. Byte mani pu- 
lation instructions are also included in the logical operation set to 


facilitate character processing and other byte-oriented calculations, 


The memory addressing is by word using a 16-bit memory address buss 

to enable direct addressing of 65,536 words. All memory addressing 

is indirect on a register; i.e. the register contents are used to 
point to the desired memory location. Relative addressing is provided 
for the transfer (jump, branch) instructions. Any memory location in 
the entire 65K space may be accessed within at most one Load in- 
struction, eliminating the need for any paging or mapping complexity. 
The importance of this feature is supreme when contemplating programs 


that must run in different combinations of ROM and RAM. The 
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existance of so many registers makes the task of memory address- 
ing much more tractable, whether it is being done by a human as- 


sembly language programmer or by a compiler. 


There are three main busses in the machine. Data transfers are 


made by means of a 16-bit bi-directional data buss (BDBO-BDB15) .« 


Memory addressing is by means of a 16-bit memory address buss 


(MAO-MA1 5). 


An 8-bit address/instruction buss serves to address all IO devices 
and to carry Instruction information to the register/ALU sections of 
the machine. All data transfer instruction information is encoded 
on this special buss, greatly facilitating multi-processor applica- 
tions. Any intelligent agent may HALT the processor and take com- 
mand of the complete buss system to execute any instruction of which 
the system is capable. Instead of a normal programmer's panel which 
depends on jamming data into an instruction register, the panel of 
an ABLE computer is really a processor in its own right called the 


HOP:Hand Operated Processor. 


In addition to the major data, address, and instruction busses, there 
are several control lines which define execution timing sequences, 
direction of data transfers, and so forth. Among these are the 

READ and WRITE control lines which carry directionality information, 
A. READ transfers data from a source to the processor; a WRITE trans- 


fers data from the processor to a destination. 


section II describes the ABLE instruction set in detail. 


ees 


The ABLE Line Computers 


The computers in the ABLE line are based on a single central pro- 
cessor configured on two 5" by 7" printed circuit boards. All 
ABLE computers use the same basic mechanical design, differing 
only in power supply capacity, slot availability, and "standard" 
equipment. The central processor, memory, and interface modules 
are constructed on 5" by 7" circuit boards, all of which are com- 


patible with the different ABLE systems. 


_ The ABLE/20, New England Digital's smallest OEM system, incorporates 
a central npeecaeees 10-slot chassis, multi-function terminal inter- 
face and loader card, real time clock, and a single drive mini- 
floppy disk subsystem offering 89,600 bytes of on-line storage. A 
12-amp power supply provides sufficient capacity for most OEM appli- 
cations. 4,096 bytes of memory, expansible up to 32,768 bytes, are 


included in the ABLE/20. 


The /20 is designed to be incorporated into OEM systems where com- 
piled programs, either stored in ROM or on a diskette, are used. 
For dedicated control applications, an ABLE/20 can be configured 
without a diskette (using ROM for program storage) to realize a 


significant cost savings to the OEM. 
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The ABLE/4.0 system, the smallest complete software~development 
system, incorporates a 15 slot interface bin, 32,768 bytes of 
Memory, a 20-amp switching power supply, plus a dual-drive Mini- 
floppy disk subsystem offering 179,200 bytes of on-line storage. 
High-level language software development is accommodated using 
New England Digital's Real Time XPL Operating System - a complete 
operating system including a Monitor, line-numbered file Editor, 


and an optimizing 3-pass XPL language compiler. 


XPL is a high-level structured-programming language specifically 
designed to simplify the task of eine real-time computer pro- 
grams. XPL is an extremely powerful language in that many logical 
and bit-manipulation functions can easily be performed. The XPL 
system gives the programmer sufficient antes: of the processor 

for the needs of complex system programming but provides automatic 
control over many specific computer resources such as the registers, 


memory, and push down stack. 


XPL has been designed to facilitate the use of modern techniques 

in structured programming. Capabilities such as procedure defini- 
tions, variable localization, and sophisticated if-then-else logical 
processing assist in the rapid development of easy to debug and 


straightforward to maintain software, 


By use of the powerful READ and WRITE statements built into XPL, di- 
rectly executed machine instructions can be incorporated into any 


XPL program. Although register allocation and memory location 
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assignments are best performed by the compiler itself, the in-line 
code capability provided in XPL can be used to override these 


features. 


For. highly specialized software applications, New England Digital's 
Assembly Language Operating System can be used to write programs 


using the ABLE Assembler, 


The ABLE/40 can be expanded up to 114,688 bytes of memory. Addi- 
tional disk drives, serial data lines, or other interface modules 
can be added to an ABLE /1L0 to customize the system for specialized 


applications. 


The ABLE/60 computer is similar to the /40 except that full-sized 
diskettes (8") are used for the standard storage media. The dual- 
drive full-size diskette system features 630,784 bytes of on-line 


storage. Memory expansion up to 114,688 bytes is possible with the 
/60. 


The ABLE/80 computer includes an expanded 21-slot rack-mounted bin 
plus 4 special purpose interface modules: a i6-line 12-bit analog 
to digital converter, a scientific timer offering 1 microsecond 
resolution, a 32-bit digital 10 interface (TTL), plus a Hand 


‘Operated Processor, 


Peripheral Devices 


The ABLE line of computers supports a wide range of peripheral 
devices designed for scientific, data processing, and OEM appli- 


cations. Each device is compatible across the entire ABLE line. 


Processor Products 


» Dt Instruction Sequencer 
D300 Register Module 
MFCL Multifunction Terminal Interface and Loader Card with 
100Hz/1kHz RTC. 


Storage Devices 


Di00 =6Mini-floppy Diskette System 

D100 Full~size Diskette System 
Winchester Disk System - 10, 20, 40 megabyte 
Tape Drive 


Output Devices 


Line Printer 
Plotter 
D4050 Dual Serial Port 


Memory Products 


MBK 8192 word static semi-conductor memory 
M2kK 2048 word static semi-conductor memory 


Scientific Interfaces 


D12 16-channel analog-to-digital converter 
D60 Dual 10-bit digital-to-analog converter 
D16 = Scientific timer 

DY 32-bit digital IO module 

Dg Hand Operated Processor 

D70 Oscilloscope Interface 
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Central Processor 


The central processor is the control unit for the entire ABLE 
computer: it controls the sequencing of computer instructions, 
governs all input and output, and performs all arithmetic, logical, 
and data movement operations, The processor uses the 8-bit Ad- 
dress/Instruction buss in conjunction with the READ command line 
and the WRITE command line to fetch instructions from memory and per- 
form the specified data movement or computation. During normal 
operation, the processor fetches and then executes instructions 
stored in sequential locations of memory. Sequential program flow 
is accomplished automatically by incrementing the program counter 
after each instruction fetch, using the built-in auto-increment 
feature. This sequential accessing of successive nenory locations 
combines most effectively with ‘pac O-yay interleaving available on 
the 8K memory module to provide a significant increase in system 


throughput. 


Sequential program flow is altered by the execution of a JUMP in- 
struction. The ABLE processor provides 7 modes of conditional 
transfer to either an absolute or relative memory location. (See 


specific instruction descriptions beginning p. 2-12.) 


The central processer is constructed on two 5" by 7" printed circuit 
boards. The first board, designated the Di Sequencer, is the module 
that sequences the operation of the entire computer. When the HALT 
line is released, the Sequencer uses a READ command to read a 16-bit 
instruction from memory. This instruction then directs the Sequencer 
to perform a data movement, arithmetic computation, or conditional 
transfer of control. The formats for the different instructions will 


be presented shortly. 


The rest of the central processer is constructed on a circuit board 
designated the D300 Register Module. The Register Module contains a - 
high speed 16-bit register stack, a 16-bit ALU, and three status flags 
labelled C (for carry), 8 (for zero) and M (for minus). By manipulat- 
ing the Instruction/Address buss and the various control lines, the 
"Sequencer can direct the Register Module to: 

a) gate the contents of a register onto the Data Buss; 


b) strobe the information on the Data Bus into a register; 


c) perforn an arithmetic computation such as ADD, SUBTRACT, or 
SHIFT using one operand stored in a register and the other 
operand from the Data Buss: 

d) present the three status flags (C, %, and M) to the process- 
er for evaluation of a conditional transfer; OR 

e) gate the contents of a register onto the Memory Address Buss 


to identify a specific memory location. 


The C, 3, and M status flags are used to indicate that an arithmetic 


computation: 
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A) xvesulted in a number greater than 2 c), 

B) produced a zero result (%), OR 

C) produced a negative result (M). 
During the processing of a conditional transfer instruction, the 
Sequencer evaluates the condition of the 3 status flags. By compar- 
ing the 3 status flags with the condition code present in the condi- 
tional transfer instruction, the Sequencer can decide whether or not 


to transfer control to the specified memory location. 


Interrupt recognition is also handled by the Di Sequencer. The In- 
terrupt Request line, IRQ, is sensed by the Sequencer at the end of 
every instruction. When IRQ is true (i.e. held low by the inter- 
rupting device), the Sequencer disables further interrupts and begins 
to fetch instructions using R16 as the program counter instead of the 
normal R17. For proper operation, Ri6 must be loaded with a pointer 


to the interrupt routine before interrupts are enabled. 
Further information on interrupt processing is found in the discussion 


of the Processor Status Word (PSW) and the Processer Control Word 


(PCW) later on in this section. 
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INSTRUCTION FORMAT 

The Instruction Format of the ABLE series computers is 
somewhat uni@ue in that each machine instruction is a fuld 
16-bit word comrosed of two S8-bit addresses. The least 
sismificant half of the instruction ward (nits O-?7) 
comerises the address. of a SOURCE of dataé the most 
significant half (bits 8-15) comprises the address of the 
DESTINATION for that data. That the instruction informatian 
is encoded as an address makes the oreration af the commuter 
‘observable’ from the outside worlds and conversely allows 
the execution of machine orerationgs under the cantrol of 
intelligent agents ether than the Frocessar itself. 

Normal instruction execution involves date transfers of 
the form of a READ from the SOURCE followed fu a WRITE ta 
the DESTINATION. A single machine instruction cam read from 
any SOURCE anc write to any UESTINATION. The oreration of 
the instruction can be viewed as 2 general crossbar switeh 
cornmecting all the madules of the sus tems 

A ounieue Feature of the instruction/address format is 
that the two S-bhit fields of the machine are ITJNUEPENTENT? 
L+@e any code in either field does mot modify the meanins af 


the code im the other field. 


2-4 


The instruction arrears in the Instruction Resister as 
follows, where [In rerresents the mth bit of the DESTINATION 


ADIRESS and Sn rerresents the mth bit of the SOURCE ADRESS, 


pe rr et ce ee 


i 


07 06 0S 04 03 fe O1 le S6é So $4 $3 Sat 54 SO | 


The following are the defined classes of SOURCES and 


DESTINATIONS and their binary codes. 


ol. ZO Dev. A0bR om SOURCE __ 
40 {SZ De Ds Da Dy 3 Do ZIMMEL! ATE SOURCE | 
ra 2 RR Ri Rel REGISTER Sooke | 
1 I\Z|BRR, fo MEMORY souReeRe | 
PEE oe, Ses. faa ek 3 
TO DEY, ARDE. 2 
ica Oo olAe Ay Aol| KE ® 


1 07 0|% Te\R ky 


SOURCES 


ae o DES, STIMATIOLE 

ARITHMETIC / LOGICAL. 
nas we EBT mes 

DE ST IMATION wa Cl / ORR Or7re Ske AP /c OPE : 

| RIGHT SHIFT / RDB 
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The structure of the ARLE series computers is illustrated 
in simplified form in Fisg.1. The three maJjor busses of the 
sustem are the 16-bit Data Buss»s the 16-bit Memory Address 
Buss and the 8-bit Instruction/Address Buss. These husses 
and several Control lines such as READ» WRITE» anc SYNC 
serve to link all the modules of the system, 

The Sequencer controls the READ and WRITE orerations om 
all system modules by means of the Instruction/Address Kuss 
and the Control lines. 

The Resister Module utilizes 16 redisters to control the 
Memory Address Buss. The Resister Module also contains the 
sustem ALU which rerforms arithmetic anc logical orerations 
as well as memory address arithmetic for Fointer control and 
relative branching + 

The Seauencer transfers 46-bit orerands to and from the 
Resister Module and I0 devices usins the Instruction/Address 
Buss for oreration/module identifications the Coantrol Lines 
for directionality and timings and the Ustea Russ for the 
actual transfer of the data. To transfer data to and from 
Memory» in addition to these busses the Seauencer wtilizes 
an iImdirect bit ain the Instruction/Address to cause the 
Register Module to frovide the frorer Memory Address to the 
Memory Address Russ. 

The Seauencer utilizes e basic three-ster micro-cycle to 


implement a two-address instruction format. The first ster 
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ra =, | 


| 


STATE 


PIALFO Se REGISTER 


SELECTOR 


DELO 


3 


/6 


LEGIS TER 
STACK 


SHIFT) 
IWAP, 
LATCH 


Dat en Srevcruke 0F ARLE Sfeiws 


SEQUENCES 3 


REGISTER WNileDvuLE 


of the micro~eyele is toa REAL Memory at the location eointed 
to by the Frogram Counter and then increment the Frogram 
Counter. The data read bye this ster will consist of a 
machine instructions, This Llé6-hit ward is stored in the 
Seauencer’s TInstruckion Resister and Nate Resister. (The 
reason for storing the instruction in the Data Resister will 
hecome errarent when TMMEDnLTATE SOURCES are discussed.) The 
least- sidgmificant half of this instructian word cansists of 
an Address for a SOURCE of cata while the most-sisnificant 
half consists of an Address af # TESTINATION for that cata. 

The second ster of the micro-eyele is to rerform a REAL 
oreration wusing the least-sisnmificant halt ofr Line 
instruction as the SQURCE ANQRESS, The Lé-bit  ofrerancd 
obtained as a result of this READ oreration is stored im the 
Seauencer’s Nata Resister. 

The third ster of the micro-cycle is to rerform ae WRITE 
oreration using the mogt-sismificant half of the instruction 
word as the DESTINATION ADQURESS. The Ié-bit date orerand 
stored in the lata Resister of the Seauencer is fresented an 
the Dats Buses to the addressed oreration/device. At the end 


of the WRITE oareration the =micro-cycle is essentialle 


comelete, Uata has been transferred from ans SQURCE ain the 
system ta any DESTINATION in the sustem. 
Before etartins another miarareave ley PYCHA ER? GP y the 


Seauencer at the end af a WRITE areration interrogates the 


HALT Control line and the Interruet Reeu Comtral line. If 


the HALT Corntrol line i8 heing asserted at this time the 
Seauencer will answer by means ar the Halt Acknowledse 
Cantrol Lined further orerabtion af the Seauencer will cease 
until such time thet the HALT Contred 


Line rin) becomes 


false. If the Interruret Reauest Control dine ap hed at 


this time and inmterrurets are enabled: the nmext  insetructian 
will the fetehed usims R16 octal a6 Program Counter inalead 
of the wusuel RLY octal, 

Otherwise the Seavuencer enters the mext micrarcyele aria 
oreration continues ag deseribed ghaves 

Under certain circumstances the microvcovele as cescribted 
above is modified bye amitting either the SOURCE REAL or the 
NESTINATION WRITE or both. If the seecified SOURCE was the 
G-bit two's comelimernt tyre oof TMMEDTATE SQURCE» the 
reauired data is already present in the Uata Resister et the 
and of the Instruction Feton. The sism bit ¢ fait Sd) meed 
oniy be extended through bit 1S ane the cate is reads to te 
written to the NESTINATION. Thig i6 toe reason for corsirrs 
the instruction into the Instruction Register and the Tata 
Registers. In this cage the Seauencer wild amit the SOURCE 
READ oreration ster of the microncywole amd will eraceed with 
the DESTINATION oter if aerrarriate > 

The omission of the DESTINATION ster af the microaoccecle 


is also rossible. The CONTTTIONAL. TRANSFER ime true tires 


i Bh apts eee ava ee 


orerate byw either writing @ 1é- bit date orerand inmbto tine 
current Frosgram Counter or omittines that WRITE derending 
uron whether or mot the condition srecified is met. Sai in 


the case of &@ condition code which is mok met the Seauencer 


will feteh the arrrorriate SOURCE orerand nub will POC 


een 


to the next Instruction Fetens omitting the DESTINATION 


WRITE to the current Frosgram Counter, 


DETAILS QF SQURCES ANT DESTINATIONS OF 


tO SOURCE GO 


The [TO SOURCE ellows the reecdins af 


gifferent devices, The ancoding of the 


that TO devices Nave B-bhit addresses 


Theat igs all TO devices have addresses 


LQ sources weed both for data ane 


are 


For exameles device SO is the cate 


terminals device 1 is the adoress of 


system control terminal « 


IMMEQIATE SOURCE 1 


THE TMMENTATE SOURCE erovides e 


eraviding smell constants ¢ 


within the instruction itself. That isy 


for an Immediate Source will be alteren 


sQurce read because the date is alreacds 


struction feteh. The immediste source 


come liment orerand? bee. a mumber in 


to ¢31(decimald. Tike sism bitty Ss» is 


1S. 


ack 
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with 


Fort 


Oo S$ 


comeact 


statistically the 


FPOVIdes & 


the 


extended 


INSTRUCT TONS 


date Tram use tu 128 
ine truchion set emaencs 
bait eauedl bho O. 
less Lhanm 200Cocbtal), 
for status af the device. 
of the gvaetem corbkrol 
the stetus register of 


4 0S te ta to 


and Tariq means af 


most often used) 


the execution ecyole 


to omit the nmoarnald 


ab hand after bne ame 


Acidity haga % ge 


range of -S2tdecimal> 


From tbat & throush 


REGISTER SOURCE 1 od 08 TF RS R2 RI RO 

The sixteen resisters of the machine are read bu means af 
the REGISTER SOURCE codes. The four least significant bits name the 
register to be read. The “T" bit cantrols auto-incerementation af 


yo obne ~- tit is 


AFTER reactarsts line 


a 


the cortents of the re 


sero the resister contents remain uncnansed after eae re Hier tre 


I bit is one the resister cantents ere first read and then Lrieres 


iy one. This Peature is useful im the imelementetion af Toor centre 


using nmon-sccumulator resisters (i.e. resisters 4-15 octal. 


MEMORY SOURCE 1 ad a4 é%2¢ RS RE RL RO 
To read @e location of memory & source field of this tyre 14 


ene loved, A resister of the machine must be rointing at the desired 


memary Location. This resister i8 named be the least significant four 


bite of the fields and the named resister mau be automatically 
rost-incremented under control of the "I" bit » in a wanner exeetly 


Similar to the resister source. A vers imreortant feature af the 


seneral neture of the memary addressing and resister architecture is 


the ability to use the FC Crerosram counter) as @ rointer ta an 


Qeeranid of data immediately in line with the & rasirsm: 


10 NESTINATION Oe See ey ne ee ee 
Date is written to true IO devices usins the £0 
VESTINATION field. Ag in the case of ITD sources device 
addresses of TQ destinations are in the range of O-177 
oetal.The [0 destination is used both far date transfers and 


for transfer of control information ta TOD devices, 


ARTTHMETIC GESTINATIONS 1°0 +O AZ AL AD RI FO 
The members af the ARITHMETIC DESTINATION class af 
instruction share several common features. They may be used 
with any of the four secumulatars RO-R3. Which accumulator 
is srecified by the “R* bits » bits 9 and B af the full 
instructiorre 
When an ARITHMETIC DESTINATION instruction is used the 
states of the ZERO (2) CARRY (Ce and MINUS (M) fleds at 
the end of execution are stored in the FLAG REGISTER. These 
flags ere the means of Froviding alternative execution 
information in comdunetion with the CONDITIONAL TRANSFER 
instructions. 
The grecificatian of which of the eaghrt 
arithmetic/losical Geerations i6 to he Ferformed i6 encoded 
using bits Le, Lise and Os (A2sAl>s and AO) of the full 


instructian word, 


ARITHMETIC Laan 10 606 0 0 OO RI RO 

The ARITHMETIC LOAD westinaieon transfers the Llé-bit 
orerand read by the source-read oreration into the srecified 
accumulators The ZERO flas will ie SET ¢=1) if the orerend 
loaded was zero and will be CLEARED aif there were any ones 
irs the orerand. The MINUS flags will be SEY aif the 
nost-sisnificant o1t of the arerand was ones and CLEAREN aif 
the MSB was wero. The CARRY flag will be UNDEFINED. 

The previous cantents of the specified accocumulator are 


lost. 


ANT 1 £0 0 0 6 1 Ri RO 
The AND anstruction rerforms a bit-by-bit logical ANT 
oreratian hetween the errevious cantents af the seecified 
accumulator ard the Lé-bit Beetene read by the source-read 
oreration. The aecumulator seecified is left containing the 
result of this ANI, 
The ZERO and MINUS flaess are affected, The CARRY fleas 


Will be UNDEFINED, 


ne] 


t 
fw 
al 


ATM 10 0 6 4 =O R1 RO 

The ADM instruction adds the l46-bit orerand read by the 
source-read oreration to the Frevious cantents af the 
srecified sccumulabtor and stores the result in thet 
aceumulator, The ZERO» CARRY» and MINUS fless ere all 
affected by Ann, 

Since there is mo srecific left<-shift instruecbian in tine 
instruction sety this oreration is Performed my srecifying 
the same accumulator in the source field as is sreecified in 
the ALY instruction? @e+s. Ri to Ril AnD has the affect af 


shifting the contents of Ri left one rlace. 


SUBTRACT 1 Oo @ O 4 4 Rt 

The SUBTRACT (instruction subtracts the lé-bit orerancd 

read by the source-read oreration from the Frevious contents 

of the srecified aceumulator and stores the difference in 

that aecenmulator. The ZEROsCARRY sand MINUS flags are all 
affected bu SUBTRACT. 

Note that after 3 SUBTRACT a CARRY may be defined as a 


NOT BORROW, 


fe 


Ch 


EXCLUSIVE OR i 0 0 4 0 GO RI RG 
The EXCLUSIVE OR instruction ererforms tne EXCLUSIVE OR ar 
“add without carry" on a bit-by bit basis between the 14-bit 
orerand read by the source-read oreration and the rreviaus 
contents of the srecified aceumulator and stores the result 
im that a@eccumulator. The ZERO amd MINUS fless will be 


affected. The CARRY flags will be UNDEFINED. 


LEFT ROTATE E.0O> 0s ode O° AB RE RD 

The LEFT ROTATE instruction shifts every bit of the 
previous contents of the srecified ececumulator left one 
sceveven « The MSE ¢hit 15) is rotated into the LSB Chit oO) 
rosition, The ZERO fleas will be uncnansged. The MINUS flas 
Will be affected. the CARRY flags will he set ta the velue of 
bit 15 (MSR) erier to the execution of the LEFT ROTATE 
instructions 

The LEFT ROTATE instruction takes only #» sinsle oreranc 
and so the customary source field for the instructian would 
be oan IMMEDIATE wero ¢ this will ceuse the source-read 


oreration to be omitted with a savings of time resulting. 


Pry 


OR | 1 0 O +t 4 9 RI RO 
The OR instruction rerforms the lostical OF operation on 3 
bite-bu-bit basis between the é-bit orerarcd read oy the 
source-read oreretion and the Frevious contents of the 


srecified accumulator. It is sometimes referred to as the 


“set bit" instruction. The ZERO ame MINUS flags will be 


affected and the CARRY flags will be UNDEFINED, 


LOA COMPLIMENT 1 9 O FT 2 2d Ri RO 
The LOAD COMPLIMENT instruction loads the 16-bit oarerand 
read hy the source-read EMersecon into the sreecified 
accumulatar and then Ban eG bits Live "ore? s com Llimernt" 
operation on that orerand., That ais » @ach bit is simely 
changed to its arrasite. The ZERO anc MINUS flags will he 
affected and the CARRY flags will be UNDEFINED. The Freviues 


contents of the seccumulator are lost. 
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YEST TESTINATIONS + 6 1 Oo Ti TO Ri RO 

The TEST destinations form a grour of four instructions 
which behave with reseect to tne setting of the ZEROs CARRY 
arid MINUS Flags exactly es their corresrending ARITHMETIC 
destinations da. The difference 18 thet tie test 
ingtruetions do NOT effect the CONTENTS of the accumulator 
seecified. Thus they rrovide an important HE BPs oP 
rerforming logical or arithmetic tests without storing 
accumulators when all accumulators are in use and @& means 


* 


of testing various Frorerties of the contents of an 
accumulator without reauiring the restorins of the tested 
auantbitys 

The TEST oFerations may be vrerformed on any accumulator 
as serecified by the “R“ bits. The actual test oareration is 


srecified by the "TT" bits as follows? 


T1 TO GRERATION 


Oo 60 LOA 
oO 1 ANT 
10 Abt 


1 1 SUBTRACT 


RYTE-SWAF WITH OR 1 0 1 1 GO GO RI RO 

The BYTE_LSWAF WITH OR instruction orerates on any af the 
four agceumulators as srecified by the “R* hits. This 
instruction ainterchanges the most-significant and leest 
sienificant butes of the rrevious contents of the srecified 
accumulator and then eersorms the Llosical OR of the swarred 
word with the léd-bit orerand read by the source-read 
oreration.The ZERO and MINUS FPlass ere affected and the 
CARRY flag is undefined. 

If the OR feature of this instruetion is not meeded the 
source field ais set to IMMENTATE zero and the anstruetian 
becomes the single-orerand instruction BYTE-SWAP. 

The OR feature of the BYTE-SWAF with OR instruction is 
ugeful when handling characters Pom. bermieeLs ar modems in 
that B8-bit auantities may be wrositioned in lé-bit words in ea 


single instruction 


RIGHT-SHIFT with Ann 1 Oo 2d 4d OQ Td RL RO 

Tne RIGHT-SHIFT WITH ADIN aingtruction oOrerates on any of 
the four accumulators as srecifiec by the “FR" bits. This 
instruction shifts evers bit of the Frevious contents of Lhe 
srecified accumulatar one Flace to tne risght.A wera is 
shifted anto the MSE Chait 15) and the rrevious LSB Chit 3 


is stored in the CARRY Plas.After the shift tekes elace the 


ié-bit orerand read by the source-read oreration is added to 
the shifted accumulator. The ZERO and MINUS flass are 
affecteds the CARRY flas i6 eaual to the rrevious LSE of the 
selected accumulator. 

As in the BYTE-SWAP WITH OR instruetion » aif the Arn 
feature is mot desired the instruction can be made into the 
single-orerand SHIFT RIGHT instruction simely bys choosing ar 
IMMEDIATE zero for the source field. 

The ANN feature of the RIGHT-SHIFT with ANN instruction 
iS used to Frovide the ability to shift in either ones ar 
zeroes as desired. This means that the RIGHT ROTATE 
imstruction may be rerformed by means af branching on the 
condition of the carry flas simce that flag rerresents the 


Freviously shifted LSB of the orerand, 


Cawll 
[ate ese ae 


REGISTER DESTINATION iad 0 0 RS RE RL RO 
This form of destination allows the loading of the mon- 
accumulator resisters (R4-KR17 octald. It aleo may be used to 
load an accumulator resister (RO-R3) without chansins the 
flags. Ir aris eeKe the register to be loaded is seecified ty 
the "RK" bits. 
Tne FROGRAM COUNTER (R17 octal normalise ar RIS octal> may 


be srecified as the resister sub-field in which event the 


imstruction becomes an ABSOLUTE JUMF UNCONDITTTONAL ta the 


address geecified bw the Lld-bit orerand read bu the 


gource-Tread oreratiorts 


CONDITIONAL TRANSFERS» ABSOLUTE 1 oad 0 4 0 €2 Ci Co 

The ARSOLUTE CONDITIONAL TRANSFERS enable the Frosramnmer 
to alter the execution sequences of instructions cderendirig 
ar the results of ARITHMETIC or TEST instructions. Both the 
rosibive and negative conditions of the ZEROy CARRY: ani 
MINUS flags are srecifiable as conditions under which 
erogram execubion is transferred to another address of 
memors, If the seecified condition is not met the mext 
instruction executed will be from the mext seauential 


edauress after the CONDITIONAL instruction. 


ctcoeeemenemnny anti. “ai macro atone pias 


The seecific condition under which vrrodram execution will 


be transferred is given by the "CO" bitst 


C2. C4.CO CONTITION 

0 0 0 UNCONTII TIONAL TRANSFER 
O O 1 TRANSFER IF ZERO 

QO 1 0 TRANSFER TF CARRY 

O Ld TRANSFER TF MINUS 

1 Oo 0 TRANSFER NEVER 

1 0 1 TRANSFER TF NOT ZERO 
Loi oO TRANSFER IF NOT CARRY 


load TRANSFER TF NOT MINUS (PLUS) 


If the srecified condition i6 mete the ld-pit  oferanac 
read by the source-read oreratian is loaded into tne erosram 
counter whieh 16 currently ain use (be it RIZ or R16 actald. 
Program execution will then commence at tie Locatian 
transferred. If the condition srecified is mot met the mext 
sequential instruction will be executed? the rrocessar will 
shortenthe machine micro-esele by omitting the DESTINATION 


WRITE oreration entirely, 


CONDITIONAL TRANSFER: RELATIVE 1 242 90 2 4 C2 C1 CO 

In the RELATIVE CONDITIONAL TRANSFER instructions 
oreratian with resrect to tne invoked conditions is exactly 
the same as ian the the ABSOLUTE CONDTTIONAL TRANSFER 
instruction. The difference ig that ain the RELATIVE TRANSFER 
instruction the Llé-bit orerand read tu the source-read 
oreration i136 ANKED toa the current Frogram counter ain the 
event that the serecified comdition is met. Assuming that the 
orergimd is exrregsed in two's compliment motatian it is 
obvious that Fragram control man he transferred either 
forward or backward with reserect te the current location. 

Tt should be motecd that when the RELATIVE CONDITIONAL. 
TRANSFER anebruetian is useds the Frosram counter has 
already beer incramented beyond the location of the 
conditional instruction itself.In the case of an orerarct 
feten wugins the Frogram counter #5 a memory FoOinter to an 
immediate data ward, the rrogram counter will have heen 
incremented twice heyond the lLocetian of the conditional 


instruction itself. 
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MEMORY DESTINATION . I oad 21 2 RS R2 RL RG 

Tne memory destination imebtructian Provides the ability 
ta store ldé-bit orerands read bye the source-read oreration 
im 8 location of memory Frointed to bu ans of the sixteen 
resislers. In addition the contents af the mamed resister 


+ 


-dimeramented automaticaliw under the cantral of 


mee Ne FOS 
tne "2" bab thit 12), 
The resister to be used in the store areration is 


geecifiad os the four “R" bits af the destination field. 


Note that @& simele class of UMA device may be constructed 


wobeh weuie use a register of the Restister Module to eccess 
the Memory Acdress Buss. While this tyre of design would mat 
Wbilige the full bandwidth of the memory channel it would 


have the adventase of simplicity. 


HOF 


SPECTAL SOURCES ANT DESTINATIONS 

Several Fpocessor related fune tions heave beer 
implemented a5 I0 address functions to preserve the summetry 
of the instruction set . These ere the Hand Oreratecd 
Fracessar CHOF)+ the Frocessor Status Word (FSW)s and the 


Frocessar Conmbtrol Word CROW). 


Device Address 000 Coctal? 


The Hand OQeerated Pracessar allows an oreratar to abserve 


and comtral the l4-bit Baietirectional Tate Bugs s the B8-hit 


tt  Addre Russe the Read and Write comtrol linessthe Sunc 


line and thie Halt and Halt Acknowledge Lines. 


Tate can pe entered into @& frodram by reading Device o00 
octal s Le@e veins an instruchion Source field eauael to 000 
octal. Since the ABLE comruters are asyneohronouss execution 


will be susFended ouron a Read of Tevice 000 until the 


oreerstor returns a Sync sismal from the HOF. Refore 
sismallins Senco the orerator will have entered the date oon 
the Date Buss ugsins the switenes., 

Gimtlarls 8s reradram may Write to device 000 octal and the 
execution will be susrended with the data visible ain the 
date fights until the orerator sidmals acknowledsement by 


sendins Sune from the HOP. 
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When the Frocessar is Halted by otne HOF the Halt 
Acknowledge Listht will light and the orerator may Read or 
Write data from/to anw device on the sustem including 
resisters» accumulators with arithmetic orerationss and 
memaorgs. This feature demonstrates two very imeortant  Foaints 


about the syatem architectures 


The first eoint is that oreration of sustem devices and 
functions i¢ OBSERVABLE on tne busses. This is helrful when 
experimental interfaces are being intesrated into the sustem 
and when froblems oocur. 

The second roint is that the HOF is heirarchally similar 
to 8 very general class of DMA device. When the erocessaor is 
halted any intelligent asent may sesume comelete cantrol of 
the entire sustem. This relationshir enables a very natural 
gustem exrandability ty confisuring multirrocessors under a 


similer controlling ef rocessor. 
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FSW 


Tevice Address 001 (actal) 

The Frocessor Status Word is a sFecial I0 function 
implemented as Tevice 001 octal. When 2@ Source field of O01 
octal is included in a machine instruction the data aceuired 
during the source-read oreration will include the ZERO: 
CARRY» and MINUS fladss the state of the INTERRUPT CONTROL 
FLIF-FLOF S$ arid LIF to twelve bits from Frotentially 
interrupting devices. A Read of Device 001 octal activates a 
back-rlane line called Acknowledse (ACK). Interrurtins 
devices strobe their identification bits onto the Data Buss 
wFor recelrt of the ACK sidnal.Thus the complete state of 
the machine is Picked ur on @ single source-read orerations 


The form of the Frocessor Status Word is as follows! 


1S FB a) 


DEVICE IT. TYE fe? INP TF fa li7ve izer ™ | C | pal | 
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INTERRUPT ASSIGNMENTS FOR FSW 


BIT# 


FUNCTION/DEVICE 


Z FLAG 

C FLAG 

M FLAG 

ION bit 

N43 Real Time Clock 

040 Modem Controller 

050 Control Terminal Interface 
016 Scientific Timer 

N03 Real Time Clock 


Undefined 


User Definahle 
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PCW Yevice Address 001 (Coctal) 

The Frocessor Control Word is imelemented as Destination 
TO Tevice OO1 octal. By writing data to the PCW on the 
destination-write oreration the Frodrammer can set or clear 
the ZEROs CARRY: and MINUS flass? enable or disable 
interrurtss and control which erosram counter (R1I7 or R16 


octal) is to he used, 


The format of the PCW is as follows? 


Mic \2 


15” 4 Se ra 


[cs LOS zon 


UN EE FEINEL 


fees ee. Ge Mica teat 


The ZsCy and M bits of the FCW are coried into the flags 
resister uron execution of the Write to Device O01 octal. 

The TON bit is effective in setting or clearing the 
Interrurt Control Flir-Floe but ONLY when the ICS bit is a 
Ores This allows use of the FCW destination wunder 
circumstances where the fFrosgrammer mas mot actually know 
whether interrupts are surrosed to he an or off. With the 
ICS bit eaual to oner & one to the ION bit will enable 
interrupts and a zero will disable them.If the [CS bit is 


zero no change will take rlace in the condition of the ICFF. 


230 


The FCS fit 16 used to control which frosram counter is 
to be used. The use of the FCW destination reauires at all 


~ 


times the knowledge of which FC is arrrorpriate., There is oma 
way ta avoid this srecification. When FCS is ane the rrodram 
counter will be EL? oactals when PCS is gero the rProgram 
counter will be R1ié octal. 

The Frogrammer should mote well that invoking the use of 
R16 octal ae erogran counter automatically disables 


interrupts. (A read of the PSW when wusins R16 octal as 


erosgram counter will eroduce TON=0.>) 
The erogram caunter is set ta be R17 octal and interrurts 


gre disabled under initial conditions’ i.e, after the INIT 


control line has been activeted. 
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Arrendix IT. 


luterfacing..Guide tothe. NEWCO 


@ABLE..Series..Cameutersand..the EZhbuss 


Introduction 


NEDCO has developed its ABLE Series computers around a simple and 
straightforward buss design called the EZbuss. The EZbuss allows 
simple interfaces to be designed to work efficiently with the Able 
Series computers, It is entirely TTL compatible; no voltages 
greater than +5VDC exist on the buss. Thus the longevity of the 
system is enhanced even in the presence of untested user-built 


interface devices. 


Definition 


EZbuss is defined for a 72-pin two-surface edge connector similar 


to Cinch-Jones 50~72C-20. The complete definition is shown in 


Table 1. 


A) 


B) 


C) 


D) 


E) 


All of t 


BDBG - BDBL5 the main 16 bit bi-directional data buss. 
ADRZ - ADR? 8 bit I/O address buss allows addressing 
many I/O modules by computer. See address map (Table 2) 
for available addresses. 

RD, WR command lines from computer give the directional- 


ity of the data transfer. 


RD: data from device to computer. 

WR: data from computer to device. 
SYN SYNC line from devices to computer signals completion 
of task. 
TORST I/O reset used to establish initial conditions of 


devices. 


he above busses are negative-logic busses: i.e. a logical 


one corresponds to zero volts and a logical zero corresponds to +5 


volts. 


Typical circuits for driving and receiving the busses will 


be shown in the examples section of this document. 


Systen Timing 


In order to use the busses the interface designer must understand a 


simple s 


et of timing rules. These rules are given separately for the 
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Table 1 NEW ENGLAND 
Pin Function Slots Pull-ups 
72 +5 Volts 1-32 
70 PDS 1-32 390 ohms 
68 WRC 1-32 390 ohms 
66 DAISY with 65 
64 Zz 9-10 390 ohms 
62 € 9-10 390 ohms 
60 NIN 9-10 390 ohms 
58 MAE 1-32 390 ohms 
56 special TTY 
54 special TTY 
52 RST 1-32 390 ohms 
50 LD 1-32 390 ohms 
48 GROUND 1-32 
46 NAD l-1.2 330 ohms 
44 MAI 1-12 330 ohns 
42 MA2 1-12 330 ohms 
40 NAS 1-12 330 ohms 
38 MAG +12 330 ohms 
36 NAS 1-12 330 ohms 
34 NA6 1-12 330 ohms 
32 MAY 1-12 330 ohms 
30 MAB 1-12 330 ohms 
28 MA 1-12 330 ohms 
26 MALO 1-12 330 ohms 
24 MALL 1-12 330 ohms 
22 MA12 1-12 330 ohms 
20 MAI3 1-12 330 ohms 
18 MAL 1-12 330 ohms 
16 MAIS 1-12 330 ohms 
14 GROUND 1-32 
12 MEM 1-12 390 ohms 
10 RES 1-32 390 ohms 

8 TNIT tied to 7 

6 HALT 1-32 390 ohms 
4 HAK 1-32 390 ohms 

2 GROUND 1232 


DIGITAL 


Corrs 


Function Slots 
+5 Volts 1-32 
imHz- 1-32 
SAIS 1-32 


DAISY with 66 


BDBS 1-32 
BDB). 1-32 
BDS2 1-32 
BDB3 1-32 
BDBS 1-32 
BBS 1-32 
BDSG 1-32 
BDBe 1232 
BDBS 1-32 
BDBO 1-32 
BDBIO 1-32 
BDELI. 1-32 
BDSh2 1-32 
BDS13 1-32 
BDB14 1-32 
BDBIS 1-32 
GROUND 1-32 
ADR? 1-32 
ADR6 1-32 
ADRS 1-32 
ADRG 1-32 
ADRS 1-32 
ADR? 1-32 
ADR I 1-32 
ADRG 1-32 
ACK 1-32 
RD 1-32 
wR 1-32 
TORST tied to 8 

SYN 1-32 
TRQ 1-32 
GROUND 1-32 


EZbuss 


Pull-ups 


on card 


390 ohms 


330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 
330 ohms 


330 ofms 


3 jK's 


“3 K's 


3 IK's 
3 K's 
330 ohms 
2 270's- 
2270's 
390 ohms 
3390's 


390 ohms 


Read Operation and the Write Operation. (See also Figure Ty 


Read Operation 

When the BD line goes true the interface may assume that the ADRG - ADR? 
address busses have been valid for a period greater than 50 nanoseconds, 
When the device is able to produce valid data it may gate that data 


onto BDB¢ - BDB15 any time after having decoded its (address and RD). 


The interface must wait a minimum of 150 nanoseconds after gating 


(BDB GATE) valid data onto the data buss and then signal SYNC or SYN. 


It must remain in this state; i.e. with data gated and SYNC active; 
until RD goes false. It should then remove the data and SYNC. Removal 
of SYNC may not precede removal of data. Whether data may be allowed 
to change while being gated must be decided on a case-by-case basis. 


The address lines will not change until SYNC has been removed. 


Write Operation 

The WR line will go true not earlier than 50 nanoseconds after the data 
and address have become valid. When the device decodes (address and WR) 
it may use the data at any time. When the device has no further use 


for the data it may signal SYNC. It must retain SYNC until WR becomes 


false. It then must release SYNC. The address lines will not change 
until after SYNC has gone; but the data may change any time after SYNC 


is made true. 
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Design of a Simple Interface 


Every interface must have an address decoding circuit. This circuit . 
will in general provide an output which will signal that the computer 
is trying to read or write a given device number. (The choice of 
device number(s) for user constructed interfaces should be made with 


reference to Table 2.) 


Some examples of address decoding circuits are given in Figure 2, 
Notice that in general only one low-power Schottky load need be pre- 
sented to every buss line. Also notice that the RD and WR control 


lines effectively deskew the address lines. 


If the interface is to respond to the RD command the decoded (RD and 
DEV#) signal may be used to gate the data onto the BDB buss. Recom- 
mended buss drivers are 7438, 74367, 74368 or the 74LS240 series. 
After gating the data onto the buss the interface must wait a minimum 
of 150 nanoseconds and then signal SYNC. This delay is to allow the 
busses, drivers and receivers to settle. A circuit which might be 
added to the decoder of Figure 2A to read four bits of data from 


device "140" is shown in Figure 3. 


If the device is to respond to the WR command, it may construct an 

appropriate strobe signal from the decoded (WR and DEV#¥) signal. It 
then waits a few hundred nanoseconds and signals SYNC. A circuit to 
copy four bits of data from BDBY - BDB3 is shown in Figure 4. Note 


that the SYN buss must be driven by 7438. 


Lee RD\4O 
LSo4 


a ae igi SS WARIO 
WR pm pice 
z [0s WRISO 


Figure 2A 


Circuit to decode READ ("140") and WRITE ("140") 
in both Negative and Positive Logic. 
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Figure 2B 


Gircuit to decode READ and WRITE of 
devices "120", "121", "122" and "123". 
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RDIS0 > 
(sree a ' 2K) 


BOBS 


BDer 


’ nS, Bva2 
DATA2 (>= 


p> BOBS 


RDBIAO ia oe eS «cn SE rc 
ee me LL pe 
Sa | 744 7438 


C\ <£.\S00-pfd. 
R\ Crosse Yo make SYNC DELAY APPROPRIATE, 
(Values Gear \K to ANK Cammon\y used.) 


Figure 3 


Circuit to GATE 4 Bits of Data onto 
BDB Buss and Signal SYNC. 


WRIEF6 
(fom FQ: 2A) 


WRI40 > 


Figure 4 


Circuit to Copy 4 Bits of Data from 
BDB Buss and Signal SYNC. 
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Mechanical Details 


Interfaces may be constructed using either: 
a) Vector 3719-1 6.5" x 4.5" or 
b) Vector 3719-4 9,6" x 45" 
These are blank cards with holes every 0.1" in a square grid; they have 


72 edge fingers spaced 0.1", 36 on each side. 


These cards use a receptacle similar to TRW Cinch 50-72C-30 for con- 


ventional wire-wrap or for insertion into a PC backplane. 


Receptacles are mounted with pins 1 and 2 on bottom; pins 71 and 72 


are on top. 


Cards are constructed with: 

a) COMPONENTS on the EVEN numbered side. 

b) WIRING on the ODD numbered eae: 
Note that Table 1 is shown as a REAR VIEW of the connector. Also care- 
fully note that the Vector Card must be polariged by cutting a square 
(approximately 0.4" x 0.4") relief out of the top edge of the card near 
the contact fingers. (Figure 5) If these measures are implemented, 
finished cards will always plug into the Bellvue Rack with components on 
the right and wiring on the left (as viewed from front of rack). This 


uniformity is a great aid to achieving interface longevity. 


Note also the numbering scheme (Figure 5) employed for the IC positions 


on the card. The IC's along the top of the card are numbered 1, ll, 21, 


31 etc. starting nearest the contact fingers. The IC's in the vertical 
column nearest the contact fingers are numbered 1, 2, 3, etc. starting 


at the top. 
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Socket Numbers applied using gummed labels; red dots used to 
mark Vee pin. 


Connector Assignments Labelled. 


Polarization notch - upper left corner. 


Figure 5 
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ARLE SYSTEM TIMING ¢ 
The ARLE Series camruters are ASYNCHRONOUS machines. That. 
iss there is mo srecific sustem clock. Tne SEQUENCER begins 
a data transfer by asserting 2 Device Address on the system 
Instruction/Address Buss. After weiting arrroximately 150 


nsec. (for the Model ARLE 780) the Seauencer asserts 


fy 
te 


Command, either REAG or WRITE. The system staves im this 
state until the addressed device or oreration answers by 
means of the system SYNC Control line that the transfer hes 
been comeleted. At this time the Seauencer removes the 
command and waits for the device to remove its SYNC signal. 
Only after the aciciressed device nas has teken away ite SYNC 
does the Address asserted os the Seauencer change and @e mew 
transfer bestim. Thus the time taken bye a Siven transfer is 
derendant uronm the module addressed. 

In additions all ABLE Geries devices which can be said to 
nave 3 state of “husy*® or “not ready" are constructed to 
Withold SYNC until such time that they become ready or free 
im the event that they gre rrematurely aocessed by the 
Seauencer. 

This mode of oreration enables one to write very «simele 
Programs for dbandling sucn devices in the event that Status 
Checking or Interruet Uriven erograms are mob arrerorriate., 
ALso such oFeration of certain Heavicas in Same lings erastranms 


Provides a useful techniaue of avoidance ofr any samelinms 


Ase 


"Jitter" due to the asynchrony of the commuter rrostram with 
the sameled rrocess., See for examele tne discussion of the 
ferminal (N50) ane Sedentific Timer (0414) srogramming in 
Arrerndix LT. 

it ois due directly to this asynchronous Peature that the 
ARLE Series comfeuters can orerate effectively with memory of 
ans Sreed wnich 16 arrrorriate for a given sustem.e There is 
no Froblem in whilizging the fastest aveilable Schottky 
Dbir-oalar memory or the many tyres of lower MOS memory » even 


BMT POROUS > 


in the same sustem for the memory areration is a¢ 

The standard MBK Memores Module is comrosed of MOS 2114 
tyre chirs having an aceess time of 450 msec.This chiss 
however, has an enable time of only 100 msec. Carrerox.d. The 


BSyrcnromaus oreration ofr the macnine sllaws the 


cn 


construction of an @Keié-bit memory matrix in which 3 
serarate 16-bit words having seeuential locations are 


geccessed at once. This access takes 450 msec. Howeverys Onee 


aired 


th 


aecessed the date i8 aveilable by selecting the dd 


Chips in onmiy 100 msec. Whether tone current sddre 


Becessed Previously 1s sismalled by e New/Dld Pleas driven tu 
3 comrarisoan of the current address ari tne Frevious stored 
address. 

This techmiauve is called 8-wayv interleaving. Eech SR card 


hae its own interleaving hardware whieh is actuated only Lf 


that card nes been addressed. Thus im 5 Lam with severed 
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GK ecards the effective interleaving can be thisher thar 
@-ways., Thie can he used actvantedeously in rroblems which 
involve tne moving of large vectars in memores bye having the 
vector boundaries coincide with BK boundaries af the memory 


graces XFL ellows the wvartitionins of data storaste are to 


seeomodate this ture of oreration. 
With the 450 msec. 2114 tyre chis the memory rerformance 
figures are as follows: 
New #@#0Ce@ss reades.+ PSO mece. 
Qld gecess read. ..6+550 meen. 
Write new ar Ole s+. -8hO msec, 
The timings or Register Module coo nataoae is 


Breroximately 250 msec. resardless of the ture of orerstionr 


heing rerfarmed. 
Timings to he observed bye wuser-constructed modules are 
#iven in Arrendix If. The [0 mocule timings af standard 


devices follow these rules. 
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